The baculovirus expression vector system (BEVS) has proven to be a powerful technology for expression of recombinant proteins in eukaryotic cells (1, 2) . The BEVS technology has many advantages that include the capacity for large DNA insertions (3), the capacity for simultaneous expression of multiple genes, high expression levels for many proteins (4) , and posttranslational modifications (5-7) that often resemble those found in mammalian cells.
We have used the BEVS technology to express hundreds of proteins and routinely titer the recombinant baculovirus stocks to ensure reproducible expression. Over the years, many different assay systems have been developed for quantitating baculoviruses. They include the original plaque assay (8) , an end-point dilution assay with various improvements (1, 9, 10) , an anti-gp64 antibody-based assay (11) and a PCR-based assay (12) . The plaque and end-point dilution assays are lengthy and laborious, and the antibody and PCR assays measure total-as opposed to infectious-viral particles. Here we describe a GFP-based baculovirus titering method that is convenient, direct, and accurate.
Baculovirus replication and gene expression occur in an ordered cascade of events, regulated by early, late, and very late gene promoters (13) . Early viral gene products act as activators for promoters of late genes such as the very powerful baculovirus polyhedrin promoter. The Sf-9ET cell line was created by transfecting normal Sf-9 cells with plasmid DNA containing the enhanced green fluorescent protein (eGFP) gene under the control of the baculovirus polyhedrin promoter. The plasmid also contained the neomycin resistance gene that allowed selection of transfectants when grown in medium containing Geneticin (G418) (Invitrogen, Carlsbad, CA, USA) (14, 15) . Uninfected Sf-9ET cells do not express detectable GFP, while infection with baculovirus particles results in production of early viral proteins which turn on GFP expression from the integrated polyhedrin promoter. Release of viral particles and infection of adjacent cells results in small foci of green cells that are easily detected using a fluorescence microscope (Model no. CKX41; Olympus, Center Valley, PA, USA). Virus titers are determined in three days using a statistical method for calculating median tissue culture infectious dose (TCID 50 ) (16) . We tried another method to score GFP-positive wells using a BMG Labtech Omega FLUOstar microplate reader (Durham, NC, USA), but this method was not as sensitive as the human eye in detecting small foci and required additional steps to remove the highly autofluorescent culture medium.
To perform the transfection, exponentially growing Sf-9 cells were placed in a 125-mL polycarbonate Erlenmeyer flask (Corning, Corning, NY, USA) in 25 mL HyClone SFX-Insect medium (HyClone Laboratories, Logan, UT, USA) at a density of 1 × 10 6 cells/mL. To prepare the DNA/lipid complex, 50 μg DNA (DNA preparation is described in the Supplementary Materials) were added to 1 mL normal saline (Quality Biologicals Inc., Gaithersburg, MD, USA) in a 5-mL round-bottomed test tube (Cat. A new rapid method for titrating baculovirus stocks has been developed using a novel cell line Sf-9 Easy Titer (Sf-9ET). The Sf-9ET cell line has been transfected with plasmid DNA containing the enhanced green fluorescent protein (eGFP) gene under the control of the baculovirus polyhedrin promoter. When used in the titration assay, the Sf-9ET cells turn green when they are infected with baculovirus due to the activation of the polyhedrin promoter/eGFP complex by baculovirus gene products expressed during the infection. Using a 96-well plate format end-point dilution assay, baculovirus titers can be determined in three days using a fluorescence microscope. 
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Benchmarks USA) was added to 1 mL saline. The two tubes were mixed, vortexed briefly, and then incubated at room temperature for 15 min to allow DNA-lipid complexes to form. Following the incubation step above, the DNA-lipid mixture was added to the 125-mL Erlenmeyer flask containing the 25-mL suspension of Sf-9 cells. The transfected cells were cultured at 27°C on a shaker at 100 rpm. After 24 h, G418 was added at a final concentration of 150 μg/ mL to begin the selection process. Five days after starting the selection process, cell viability dropped to 54%, as non-transfected cells were killed by the G418. Sf-9ET cell viability improved to normal levels (>95%) 12 days after starting the selection process. Routine culture transfers were performed twice a week using seeding densities of 3-4 × 10 5 cells/mL. The cell line was maintained in growth medium containing G418 at a concentration of 150 μg/mL. Since the transfection plasmid DNA was not constructed for episomal integration (no origin of replication) we believe that the genes have been integrated into the host cell genome; however, studies to determine the gene stability in the absence of G418 have not been performed. To verify that baculovirus infection of Sf-9ET cells would activate the polyhedrin promoter and induce expression of eGFP, the following experiment was performed. Adherent cultures of Sf-9ET cells were infected with a recombinant baculovirus containing the gene for the recombinant protein cereblon. After three days of infection, the cultures were observed for expression of eGFP (Figure 1 ). Two rounds of single-cell cloning were performed to select a clone cell population that gave good eGFP expression following baculovirus infection. Sf-9ET cells were cultured for three months in the presence of G418 with no loss in the eGFP expression following infection. Recombination events do occur when the Sf-9ET cell line is infected with baculovirus. Progeny virus from the infection can result in GFP expression when normal Sf-9 cells are infected. The Sf-9ET cell line should not be used to propagate virus stocks.
End-point dilution assays were set using Sf-9ET cells grown to 1 × 10 6 cells/mL in SFX medium, as described in the transfection protocol above. Baculovirus titrations were carried out in black 96-well microtiter plates (Costar, Corning, NY, USA) to compare virus titer data determined by either scoring the eGFP-positive wells for each virus dilution or scoring wells 
Benchmarks for cytopathic effect (CPE) of the virus. Starting at a dilution of 10 -3 , the recombinant baculovirus was serially diluted 5× in SFX medium, in replicates of eight, to a final dilution of 10 -8. 6 . Duplicate titration plates were set and to one plate 7.5 × 10 4 Sf-9ET cells in 100 μL SFX medium were added to each well. To the second plate, an equal number of Sf-9 cells in 100 μL SFX medium were added to each well. Plates were incubated at 27°C without shaking. At three days post-infection, the Sf-9ET plate was scored by monitoring wells containing eGFP foci. Note that single green cells were not scored, since replication-competent virus should spread to adjacent cells and cause foci of green cells. Seven days post-transfection, the Sf-9 plate was scored for CPE-positive wells. The titers determined by the two methods were not significantly different, as shown in Table 1 . The Sf-9ET assay was also scored at 7 days post-transfection for CPE and gave comparable results to the 3-day GFP assay (data not shown). In addition to the GFP cell line described here, another Sf-9ET cell line was developed using red fluorescent protein (mRFP1), which works equally well for titrating baculoviruses.
Other reporter proteins such as the β-galactosidase (β-gal) gene lacZ (9) and green fluorescent protein (10) have been cloned into recombinant baculoviruses under control of the polyhedrin or P10 promoters to aid in scoring the end-point dilution assays. These modifications have improved the ability to score end-point dilutions assays; however, they require additional cloning and the β-gal and GFP reporter proteins are expressed along with the protein of interest, which may not be desirable. Decreasing the time it takes to express GFP would be helpful to further shorten assay time. It has been reported that use of the baculovirus early-to-later (ETL) promoter instead of the P10 or polyhedrin promoter can shorten the time it takes to express GFP by 18 h (17) .
In summary, we have created novel cell lines that improve the baculovirus end-point dilution assay in three important ways. First, scoring the assay plates for eGFP or RFP is much less ambiguous than scoring for cell death, especially for the novice. Secondly, assay results are obtained in only 3 days in contrast to the 6-8 days required for the CPE method. And thirdly, the Sf-9ET cell line allows easy quantitation of recombinant baculoviruses, thus avoiding the need to co-express other reporter genes along with the protein of interest. Compared with alternative assay systems for quantitating baculovirus stocks, the Easy Titer method is sensitive, rapid, and specific.
It is intended that the cell line will be widely distributed for research purposes by the National Institutes of Health (NIH) consistent with the NIH Principles and Guidelines for Sharing of Biomedical Resources (http://ott.od.nih.gov/policy/ research_tool.aspx).
